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Several physical mechanisms have been
proposed to explain the occurrence of midlatitude
atmospheric teleconnection patterns. We consider
here two such mechanisms, Roseby wavetiains forced
bty tropical heating (Hoskins and Karoly, 1981;
Simmons, 1982) and the growth of barotropically
unstable modes in midlatitudes (Simmons et 2l.,
1983), Because these mechanlsms hava baeen
discussed in the litersture in essentially
steady-state form, and because doth mechaniems
appear capable of axplaining the steady-state
aspects of observed teleconnection patterns, we
consider fnstead features associated with presumed
time-dependent characteristice of these two
wechanisms. The two mechanisms appear to have
quite different time-dependent characteristics.

We examine several chara-teriescicse of
teleconnection-pattern fluctuations occurring in
GCM simulations in en attempt to discriminate
betwaen these two proposed mechanisms. The model
used {s the NCAR Commuriity "limate Model, whose
aimulation characteriotics are discussed In
Pitcher at al. (1983), Ramanathan et al. (198))
and Malone et al, (1984), Pive mode] slmulations
are considered: a perpetual-Januury control case
with climatological-mean sea-surface temperctures
(8ST) and four cases {n vhich 88T anomalies of
various intensiti{es have been introduced in the
teopical Pacific. The 8ST anomaly pattern is that
used by Blackson et al. (1983) in their etudy of
changes in the time-aean state of the atwosphere
assoclated with o atorial Pacific 55T anomalies.
For brevity, we restrict our attentivn to the
model”s Pacific-North American (PNA) teleconnece
tion pattecn,

Our findinga may bde summarised as follows.
(1) We find that teleconnection fluctuarions with
the PNA pattern appear in all five simulations and
that the amplitude of the PNA-pattetn fluctuations
(computed amn fluctuations relative to the
time-mean of each case Lndividuslly) fs relatively
insenaiifive to changes in the wean tropical 38T
Totcing. (2) Although each 88T distributicn Le
fixed LIn tira, the heating rate due to convective
processes in the troplcal atmospherse can
fluctuate, We huave tested the hypothesis that
tropfcal heating fluctuations directly force
midlatitude geopotential=height fluctuations by

perforaing a cross-spectral analysis of the fluc-
tuations in these two fields, and find no evidence
for direct forcing. This ie not to be confused
with tropical forcing of snomalies in the
time-averaged extratropical height field, which
Blackmon et al. (1983) have shown does occur in
these saue simulations. (3; In this sane
analysis, we did find a highly significent cor-
relation (with a So-d%y pu't%d) between haight
fluctuations near 47 N, 165°W and lubtroplall
con%octlvc heating to the southeast near 20 N,
135 °W; the height fluctuations are in phase with
or slightly lead the heating fluctuations. (4) By
means of s crose-spectral analysis of height
fluctuations at the centers of actiot (antinodes)
of the PNA pattern and at the "nodal” points in
between, we conclude that the oscillations linking
the Tropical Pacific (TP) and North Pacific (NP;
points constitute pure atanding oescillations
having very high coharence for all pertods of
20 days o¢ longer (Pigs. 1 and 2), There is no
evidence for propagation between thess two polnts,
The oscillations connecting the NP aund North
American (NA) points are of mixed character,
appeating us traveling waves at some frequencies
and not at othere (Pig, 3).

The apparent deapendence on geographical
posttion of the character of the oscllilation
(standing, traveling or indeterminate) ie quite
pussling. However similar features can be seen in
the complex phase structure of the unstable
barotropic normal mode displayed in Fig. 12 of
Siamone et al. (1983)., 1In particular, the
nopounmrhol‘ht in the troplical central
Pacific osclllates out of phase with that in the
north Pacific and a distinct nodae liee datween
these teglons. Thie node aleo hae a period of
about 50 days, which auggeste a possidle explama-
tion fcr the appearance of this pariod in the
simulation analyses,

Nhile the evidence is certainly not con=
clustve, Lt suggesats that the short tera (one to
saveral monthd) fluctuationa in the PNA pattern
are associated with the unstable barotropic normel
mode. Heating by troplcal 88T anomslies appearas
sost influential when averages are taken over a
season or longer.
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Fig. L. Coherence and phase from cross-spectral
analyses of the 3500-mb height fluctuatione at TP
and NP, at NP and NA, and also : t TP with the
500-ab convactive heating rate fluctuationg in an
srea directly south of the TP point. Significance
levels are indicated on the right side.
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rig. 2. As in Pig, 1, but for the fluctuations at
both TP and NP with those at the intermediate
nodal potnt, The (TP,NP) curve is repeated f.om
Ilg. 1,
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Fig. 3. As {a Fig. 1, but for the fluctuations at
both NP and NA with those at the intermediate
nodal polnt., Twice as many lags were used in this
analysis as wete vaed in Figs. 1 and 2,
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